installation within a bay to permit the validation of these models in a realistic situation.
45
The Galician rías are ideal places for the extensive culture of the blue mussel Mytilus 
56
Most of the rafts are anchored by an iron chain at the bow, but in the Ría de Vigo (see 
64
In our case, the raft was equipped with a GPS and a compass and the currents were (both tidal and subtidal flows) within the raft by investigating the differences in 76 measured currents at the bow, stern, port and starboard sides of a raft during five 77 periods of the year to look into the seasonal variability. Finally we will calculate the net 78 water exchange within the raft for each period and its relationship with coastal winds 79 and river discharges. In the second part, the clearance zone -defined as the area 80 affected by the non linear effects produced by the own raft-will be calculated from 81 position and orientation time series and will be related to wind and tidal forcing.
82
Moreover, we will determine the preferred side (bow, stern, starboard or port) of water 83 inflow over a period of almost a year. 
MATERIALS AND METHODS

85
Study site 86
The Galician coast is at the northern limit of the eastern boundary upwelling system of 
2.2.Dataset
107
The periods, recording intervals, and number of observations of the position and 108 orientation of the raft, and the velocities of currents and winds are summarized in Table   109 1. Gaps of less than four hours in any of the time series were interpolated linearly. For 110 gaps of more than four hours, the time series were split into subseries. We were able to (correlation analysis) on the displacement of the raft.
115
Raft position (pos)
116
The position of raft P46 was determined using a Campbell Scientific GPS with an 117 accuracy of ± 2.5 m placed at the centre of the raft. The effect of the tide on the position of the mussel raft will be described from the 
188
The relation between wind forcing and the position and orientation of the raft was 
Intra-raft circulation
227
The intra raft circulation has been studied by assessing the similarities and differences Tidal intra raft circulation was evaluated by means of applying harmonic analysis (see 231 section 2.3) to the five time series of raw inertial velocities at the four sides of the raft.
232
The results for each series are summarised in Table 2 . Tide is assumed as the 233 contribution of the constituents with significant amplitudes and signal to noise ratios >2.
234
We present only the results for the most important harmonic, M 2 (Piedracoba et al. intensities were found at starboard (between 2.5 and 7.9 cm s Ð1 depending on the 241 period) and the lowest at stern and the port (between 0.5 and 1.3 cm s Ð1 ).
242
Subtidal intra raft circulation was assessed by performing complex cross correlations during May 11 (Fig. 3e) , the starboard behaves in the same way as during the two 277 previous cases (more inflow than outflow and high velocity). In this case, the port also 278 acted mainly as an input while the stern registered most of outflow. There is equilibrium 279 between inflows and outflows at the bow.
280
The only side that did not change its behaviour over the 5 periods was the starboard and ( Fig.4) show that the transport is mainly negative for all periods and only in very imbalance between the flooding and ebbing flows within the raft.
307
Environment and their relationship with the net water transport 308
Coastal winds and river discharge were used to describe the environmental conditions 309 acting within the ría during the five studied periods (Fig.5) . During Jul 10 and Aug 10 310 (Figs. 5a, b) , the river discharge was lower than in the other periods. The main 311 difference between both periods was the wind regime: while during Jul 10 shelf winds 312 blew alternatively from the NE and SW, during Aug 10 they were mainly northerly. The translational and rotational displacements of a raft anchored by the bow throw light 346 on the extension and shape of the volume cleared by the filtration activity of the 347 hanging mussels. Whereas the translation of the raft is limited by the chain length, it has 348 the ability to freely rotate 360º.
349
The clearance zone was calculated from the time series of the position of raft P46 ( South.
358
Concerning rotation, the raft was 20% of the time with the bow oriented between 90º 359 and 135º and another 20% of the time between 237.5º and 282.5º (Fig. 7) . The 360 orientation of the raft with the bow towards the North was almost negligible.
361
Translational and rotational velocities of the raft
362
We calculated the velocity of translation and rotation of the mussel raft to assess 363 whether it would be necessary to subtract these displacements to the current meter 364 records to calculate the water flow at each side of the raft. In Table 5 that it always spins CCW and the displacement is always along the same direction.
377
Forcing agents: tide and wind regimes 378
The analysis of the effect of the tide on raft P46 was based on a harmonic tidal analysis Table 5 ). The shape of the tidal 389 signal obtained from the orientation time series (Appendix III) was also very similar to 390 the predominant directions of rotation of the raft (Fig. 7) . Both the position and 
394
The rose of shelf winds (Fig. 8a) for shelf and local winds, respectively). Note that wind intensities over the shelf were 402 more than twice those inside the ría (Fig. 4c ).
403
Complex cross correlations analyses were performed between subtidal shelf and local 404 winds (Table 5) 
Flows through raft
428
Our results indicate that water inflow (outflow) does not take place through the bow
429
(stern) of the rafts, as often considered. In general, in rafts anchored with only one 430 chain, water enters/exits the platform by all sides, although with different frequencies.
431
In the particular case of raft P46 of the Ria de Ares Betanzos, the starboard side resulted 432 to be the most exposed to water inflow. Moreover, the general pattern that we observed 433 confirmed that at all sides, except the bow, inflow is larger than outflow and that 434 starboard was the side of the raft where differences between inflow and outflow were 435 more evident.
436
The intra raft circulation was very complex and did not follow a defined pattern. We From our results, we highly encouraged to make both food depletion and flow reduction 
Water budgets at the raft
460
The net water exchange within the raft can be reasonably explained by wind and river 
471
We must be aware that 3D effects, i.e. downward/upward motions within the raft were circle with a radius of 28 to 33 m depending on high or low spring tides, respectively.
500
We must also consider that the real clearance zone has 25x20 m more of area due to the 501 own raft dimensions (the GPS is positioned at the bow of the raft). Therefore, the 502 theoretical clearance area would be a circle of 48 to 58 m of radius. However, we have 503 demonstrated here that the shape of the real clearance area is a 139º CCW ellipse rather 504 than a circle and that its dimensions are in good agreement with the theoretical results.
505
The 100 m of separation between rafts established by government seem a conservative 506 but good choice.
507
The tide revealed as an ideal mechanism both to move and to rotate the mussel rafts and 508 to ensure that all the sides of the platform receive their food supply. However, there
509
were periods when the variability of the position explained by the tide was lower than in 510 others. This is because besides the tidal circulation, the circulation inside any .
519
From the view point of the mussel raft culture, the advantage of a tidally dominated 520 estuary is that it would lead to a homogenization of the harvest sizes distributions of 521 mussels within the four sides of the raft. This fact is a basic issue for mussel farmers 
542
While both intra raft circulation and clearance area resulted to be mainly controlled by 543 tide, the net water exchange through the raft resulted to be reasonably explained by 544 wind and river discharges. 
